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Abstract: This study uses a load sensor with a macro-bending on polymer optical fiber loop model which is placed 
between two plates with a buffer spring. The load sensor with light intensity modulation principle is an infrared LED 
emits light through the polymer optical fiber then received by the phototransistor and amplifier. Output voltage from the 
amplifier continued to arduino sequence and displayed on the computer. Load augment on the sensor resulted in an 
increase of curvature on polymer optical fibers that can cause power losses gets bigger too. This matter will result in the 
intensity of light that received by phototransistor getting smaller, so that the output voltage that ligable on computer will 
be getting smaller too. The sensitivity and resolution load sensors analyzed based on configuration with various amount 
of loops, imperfection on the jacket, and imperfection at the cladding and core of polymer optical fiber. The results 
showed that the augment on the amount of  load, imperfection on the jacket and imperfection on the sheath and core 
polymer optical fiber can improve the sensitivity and resolution of the load sensor. The best sensors resolution obtained 
on the number of loops 4 with imperfection 8 on the core and cladding polymer optical fiber that is 0.037 V/N and 0,026 
N. The advantages of the load sensor based on polymers optical fiber are easy to make, low cost and simple to use 
measurement methods. 
INTRODUCTION 
Advances in technology have resulted many systems and sensors that can be used for measurement of various 
kinds of physics variable. Scientists have developed a lot of optical fiber-based sensor as a multipurpose sensor with 
superiority in a variety of things: the sensitivity, selectivity, flexibility, accuracy, smaller size, lightweight and can 
be used for measurement and remote sensing [1]. Optical fiber-based sensor applications has grown rapidly and can 
be used to measure different variables, such as the measurement of the electric field, an electric current, cracking, 
load measurement, temperature, displacement, strain, pressure and so forth. Several studies have reported that 
optical fiber can be used for measurement of the electric current using the optical fiber-based curvature sensors[2], 
the sensor of a pre-stressed concrete viaduct for structural healt monitoring (SHM) [3], the application for the 
temperature sensor with power losses curvature [4], the application of optical fibers for displacement sensor [5,6], 
for a strain sensor [7] and the application of optical fibers as a pressure sensor [8]. Further research will focus on the 
measurement of weight using microbending methods on the optical fiber-based sensors and OTDR [9]. 
The use of polymer/plastic optical fiber (POF) as the sensor has been widely used. POF has significant 
advantages for many sensing applications which are strained with high elasticity, not easily broken, high flexibility, 
high sensitivity and has negative thermo-optic coefficient [10,11]. In the last few years has done a lot of research on 
polymer optical fiber-based sensors which are as displacement sensor with imperfection [1], strain and temperature 
sensors [12,13], sensors for SHM applications [14,15]. Currently POF-based sensors have also been developed for 
the measurement of weight-in-motion (WIM) [16-18]. 
This research will use a method macrobending with imperfection on polymer optical fibers. The curvature of the 
optical fiber is one aspect that is often used in the measurement system based on optical fiber sensor [4,19], while 
the imperfection will increase power losses that can cause increased sensitivity of the sensor [1,20]. The load sensor 
is made utilizing the principles by changes in light intensity due to the curvature on the optical fiber. Loop-shaped 
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sensors made with varying amounts, in order to obtain the effect of compound curvature. Burdens placed on top of 
the sensor will cause stress and lead to curvature of the optical fiber. As a result of these curvature will result 
inincreasing power loss in the optical fiber. This resulted in the intensity of light received by the phototransistor 
decreases so that the output voltage that goes into arduino microcontroller and then read on the computer will be 
smaller. 
At this load sensor research, for the first time we increase the sensitivity by means of imperfection either on the 
jacket or cladding and the core in the polymer optical fiber. This is done to increase the range of power losses in 
optical fiber and simultaneously increase the sensitivity and resolution of the load sensor. The load sensor is based 
on polymer optical fibers offer several advantages, namely simple design, easy fabrication, low cost, with high 
resolution and sensitivity. 
EXPERIMENTAL SET-UP 
The load sensor is made of polymer optical fiber which both ends are connected to the LED light source infrared 
(IF-E91A) which emits light with a wavelength of 950 nm and phototransistor (IF-D92) as a light detector with a 
wavelength range of 400 to 1100 nm. The incoming light on the phototransistor is converted into a voltage and is 
connected to the differential amplifier. Furthermore, the analog output voltage is converted into a digital voltage via 
a microcontroller arduino and then displayed on a computer. Schemes load sensor optical fiber-based polymer is 
shown in Figure 1. The length of polymer optical fiber sensors used is 1 meter with a numerical aperture value NA = 
0.5. This type of polymer optical fiber used is Mitsubishi Rayon SH-4001 with a diameter of lining jacket, cladding, 
and core are 2.2 mm, 1 mm, and 0.98 mm. Core and cladding polymer optical fibers are made of polymethyl 
methacrylate (PMMA) and fluorinated polymer with a refractive index respectively nco = 1.490 and ncl = 1.402. 
 
 
 
 
 
FIGURE 1. Schematic configuration of the POF load sensor 
Sensors of polymer optical fiber is made in the form of a loop with a diameter of 6 cm. Polymer optical fiber 
installed between two plates which strut by four springs shown in Figure 2 (a). Sensors made in 3 types of polymer 
optical fibers without imperfection, the imperfection on the jacket and imperfection in the cladding and core. For 
imperfection on the jacket is done by partially peeling the jacket on the sensor with the largest indentation when 
given load. For imperfection in the cladding and core which are done in areas that have experiencing imperfection 
on the jacket. Interest imperfection in plastic optical fiber-based sensors is done with the intention to increase the 
range of power losses in the sensor, so sensitivity and resolution of the sensor will be better. Fabrication of polymer 
optical fiber-based sensors with imperfection on the jacket as shown in Figure 2 (a) and imperfection on the 
cladding and cores as shown in Figure 2 (b). 
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FIGURE 2. POF load sensor with imperfection at a) Jacket  b) Cladding and core  
Each polymer optical fiber loop be given imperfection by as much as two points, on the left side and the right 
side of greatest curvature. The load is placed on the plate will press the sensor, causing curvature in the polymer 
optical fibers. The measurement of output voltage on the computer performed on any changes in the load of 1 N 
ranging from 0 to 40 N. The process of data retrieval is done repeatedly for each number of loops from one loop, 
two loops, three loops, and four loops with the same load changes. Tests on the three types of polymer optical fiber-
based sensors are using the same load. If sensor be given load, the plate will be pressured so that the loop-shaped 
optical fiber will also be under pressure, as a result of curvature on the optical fiber increases.  The addition 
ofcurvature on the optical fiber result in an increase of power loss, so that the intensity of light output decreasing. 
The intensity of light received by the phototransistor then converted into electric current. Furthermore, the electric 
current is converted into a voltage and amplified in the differential amplifier circuit. Analog voltage of the 
differential amplifier is processed in the microcontroller arduino into a digital voltage and subsequently displayed on 
a computer. 
RESULTS AND DISCUSSION 
The results of polymer optical fiber-based sensors for load measurement are shows applications that the load 
changes are proportional to the change of power losses and the intensity of light on the sensor. The resulting graph 
measuring the output voltage to the load changes in the polymer optical fiber-based sensors without imperfection by 
the number of loops that vary from one loop to four loops, that shown in Figure 3 (a). Tests conducted by measuring 
the sensor output voltage at1 N load changes ranging from 0 to 40 N. The measurement results obtained appears that 
output voltage changes are proportional to the applied load changes. The greater load applied to the sensor causes 
the greater power loss in the polymer optical fiber so that the output voltage read on a computer is also getting 
smaller. 
Further measurements were performed for the sensor with imperfection on the jacket in the area of greatest 
curvature with the same loop diameter which is 6 cm. The results of the measurement of the output voltage to the 
load changes with 2 imperfections on each loop from 1 to 4 loops are shown in Figure 3 (b). From the measurement 
data obtained that the more imperfection on the jacket causes the greater power loss in the sensor, so that the light 
intensity at phototransistor is getting smaller. This will result in output voltage that is readable on computers is also 
getting smaller. The next test is a sensor with imperfection cladding and core in the polymer optical fiber. 
Measurement data shows that the more imperfection in the cladding and core causes the greater power loss and 
voltage outputs on computers getting smaller. The resulting graph measuring the output voltage to change the load 
on the load sensor with 2 imperfection cladding and core on each loop from 1 to 4 loops loop is shown in Figure 3 
(c). 
From the three types of sensors used were obtained that the range of load sensors are best obtained on the sensor 
with 4 loops. Chart comparison of the measured data output voltage to the load changes on three types of load 
sensors with each of the four loop i.e. without imperfection, the 8 imperfection on the jacket  and 8 imperfection in 
the cladding and core is shown in Figure 3 (d). 
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FIGURE 3. Output voltage of the load measurement with the sensor: a) No-Imperfection, b) Jacket imperfection, c) Core and 
cladding imperfetion, d) Comparison for loop-4 and imperfection-8 
Measurement data obtained by data processing then performed to determine the output voltage range, sensitivity 
and resolution of the sensor. The sensitivity of the load sensor can be calculated using the following equation. 
 ൌ  ୚ౣ౗౮ି୚ౣ౟౤୛ౣ౗౮ି୛ౣ౟౤                                                                       (1) 
where Vmax is the maximum voltage, Vmin is the minimum voltage measured at the computer, Wmax is the 
maximum load and Wmin is the minimum load is applied to the polymer optical fiber-based sensors. 
Resolution of the polymer optical fiber-based load sensor can be calculated using the following equation 2. 
  ൌ ୒ୗ                                                                         (2) 
where N is the smallest scale that can be measured is 0.001 Volt and S is the sensitivity of the sensor. 
Equation (1) and (2) is used to calculate the value of the output voltage range, sensitivity and resolution of the 
load polymer optical fiber-based sensors. The result of the calculation range, sensitivity and resolution without 
imperfection load sensor with a variation in the amount of loops are shown in Table 1. 
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TABLE 1. Characteristics of load sensors without imperfection 
Loop Range (V) Sensitivity (mV/N) Resolution (N) 
1 0,050 1,250 0,800 
2 0,066 1,650 0,606 
3 0,094 2,350 0,426 
4 0,114 2,850 0,351 
Load sensor characteristics data in Table 1 show that the more amount of loops are applied to the load sensor 
causes the higher sensor range and sensitivity, and resolution of sensor gets smaller. This shows that the 
characteristics of the sensor improve with increasing in number of loops in the load sensor. 
The calculation result of the characteristics of the load sensor with a variation amount of imperfection jacket on 
the region largest curvature polymer optical fibers shown in Table 2. 
TABLE 2. Characteristics of the load sensor with imperfection on jacket 
Imperfection Range (V) Sensitivity (V/N) Resolution (N) 
2 0,233 0,006 0,172 
4 0,483 0,012 0,083 
6 0,549 0,014 0,073 
8 0,759 0,019 0,053 
The calculation result of the load sensor characteristics in Table 2 shows that with imperfection on polymer 
optical fiber jacket may affect the characteristics of the load sensor. The more number of imperfections on the jacket 
causes the higher range and sensitivity of the load sensor and the smaller load sensor resolution. This shows that the 
imperfection in the polymer optical fiber jacket causes the better sensitivity and resolution of the sensor rather than 
without imperfection. 
Characteristics of the load sensor with the imperfection in the optical fiber cladding and core polymers in 
curvature area with the largest number variation imperfection are shown in Table 3. 
TABLE 3. Characteristics of the load sensor with the cladding and core imperfection 
Imperfection Range (V) Sensitivity (V/N) Resolution (N) 
2 0,509 0,013 0,079 
4 0,812 0,020 0,049 
6 1,200 0,030 0,033 
8 1,503 0,038 0,027 
Data from the calculation of the load sensor characteristics as shown in Table 3 indicate that the imperfection in 
the cladding and core polymer optical fiber will affect the range, sensitivity and resolution of the sensor. The more 
imperfection in the cladding and the core causes the higher output voltage range and sensitivity of the sensor, as well 
as the smaller resolution. This shows that by increasing the amount of imperfection in the cladding and core of 
polymer optical fiber, the sensor sensitivity and resolution is better than without imperfection and with the 
imperfection on the jacket. 
From the load sensor characteristics calculation results data in Table 1, 2 and 3 above, it can be compared the 
sensitivity and resolution of the three types of load sensors. In the third type of sensor is obtained that the more loop 
on polymer optical fiber sensor causes the higher output voltage range. Sensitivity and resolution are best obtained 
on the load sensor with 8 imperfections in the cladding and the core is 0,038 V/N and 0,027 N. Furthermore, the 
second is on the sensor with 8 imperfections on the jacket with the sensitivity and the resolution is 0,019V/N and 
0,053 N. Sensitivity and lowest load sensor resolution without imperfection is 2.850 mV/N and 0.351 N. 
The results of this research on the comparison of sensitivity and resolution of the three types of sensor 
configurations polymer optical fiber-based sensors show that the sensitivity and resolution of the load sensor is a 
sensor with the best treatment to the cladding and core imperfection. The more imperfection on the sensor causes 
higher sensitivity and conversely the smaller resolution. This is consistent with results of previous studies that have 
been done by Batenko et al. stating that the output voltage decreases with increasing load on the sensor [18]. Neither 
the suitability of the results of previous studies which stated that the power losses increasing with increasing 
imperfection in the polymer optical fiber which can increase the sensitivity and resolution of the sensor [1, 20]. The 
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results of this study showed that the addition of imperfection on polymer optical fiber, then the sensitivity and 
resolution of the load sensor is getting better compared to macrobending methods. 
CONCLUSIONS 
The results of the study load polymer optical fiber-based sensors showed that the greater load applied to the 
sensor causes greater power loss to the sensor and result in smaller output voltage on the computer. The load sensor 
sensitivity and resolution is getting better, proportional to the increase in the amount of loops and the amount of 
imperfection in the polymer optical fiber. The results showed that the sensitivity and resolution of the load sensor 
with imperfection in the cladding and core is better than the imperfection on the jacket and without imperfection. 
Sensitivity and best resolution obtained in 4 loops with 8 imperfections in the cladding and core of polymer optical 
fiber that is 0.038 V / N and 0,027 N. 
ACKNOWLEDGEMENTS 
This research was supported by “Word Class University to Accelerate International Publications UNHAS-2016” 
ContractNo. 36427/UN4.3.2/LK.23/2016. 
REFERENCES 
1. A. Arifin, A. M. Hatta, M. S. Muntini, and A. Rubiyanto, Indian Journal of Pure & Applied Physics 52, 520-
524 (2014). 
2. H. Di, Y. Xin,and Sun, S. 2016, Optics and Lasers in Engineering77, 26-30 (2016). 
3. G. Uva, F. Porco, A. Fiore, and G. Porco, Case Studies in Nondestructive Testing and Evaluation2, 27–37 
(2014). 
4. M. Remouche, F. Georges, and P. Meyrueis, Optics and Photonics Journal2, 1-7 (2012). 
5. J. H. Kuang, P. C. Chen, and Y. C. Chen,Sensors, 10 (2010). 
6. A. Arifin, A. M. Hatta, Sekartedjo, M. S. Muntini, and A. Rubiyanto, 2015, Photonic Sensors5, 166-171 
(2015). 
7. C. Li, A. H. Feng, X. J. Gu, and D. L. Chen,  IEEE Sensors Journal10, 888-892 (2010).   
8. A. R. Mejia-Aranda, M. A. Basurto-Pensado, E. E. Antunez-Ceron, L. L. Castro-Gómez, G. Urquiza-Beltran, 
J. A. Rodriguez, J. C. García, J. J. Sánchez-Mondragón, and V. I. Ruiz-Pérez, Journal of Applied Research and 
Technology11, 695-701 (2013). 
9. J. Červeňová, and M. Iglarčík,  Proceedings of the 9th International Conference, Smolenice 2013, pp. 243-246. 
10. K. Peters, Smart Materials and structures20, 17 (2010). 
11. D. Haroglu, Ph.D. thesis, North Carolina State University, North Carolina, 2014. 
12. S. T. Kreger, A. K. Sang, D. K. Gifford, and M. E. Froggatt, Proc. of SPIE 2009, Vol. 7316, pp. 1-8. 
13. S. Liehr, P. Lenke, M. Wendt, K. Krebber, M. Seeger, E. Thiele, H. Metschies, B. Gebreselassie and M. J. 
Christian, IEEE Sensors Journal9, 1330-1338(2009). 
14. K. S. C. Kuang, S. T. Quek, C. G.  Koh, W. J. Cantwell and P. J. Scully, Journal of Sensors, 2009, 1-13 
(2009). 
15. A. Vallan, A.Carullo, M. L. Casalicchio, and G. Perrone, IEEE Transactions on Instrumentation and 
Measurement 63, 1293-1300 (2014). 
16. R. B. Malla, A. Sen, and N. W. Garrick, Sensors 8, 2551-2568 (2008). 
17. D. Tosi, M. Olivero, A. Vallan, and G. Perrone, Electronic Letters46, 1-2 (2010).  
18. A. Batenko, A. Grakovski, I. Kabashkin, E. Petersons, and Y. Sikerzhicki, Proceedings of the 11th 
International Conference Reliability and Statistics in Transportation and Communication (Relstat 2011)Vol. 
1019, pp. 311-316. 
19. A. Zendehnam, M. Mirzaei, A. Farashiani and L. H. Farahani, Pramana- Journal of Physics74, 591-603 
(2010). 
20. A. Babchenko, Z. Weinberger, N. Itzkovich, and J. Maryles, Measurement Science And Technology17, 1157-
1161 (2006). 
050002-6
